Biological context {#Sec1}
==================

The SARS coronavirus (SARS-CoV) is the infectious agent responsible for the severe acute respiratory syndrome (SARS) and represents one of the largest currently known RNA genomes. It is composed of at least 14 functional ORFs, which encode three classes of proteins, i.e., the structural proteins S, M, E, N, 3a, 7a and 7b, the nonstructural proteins nsp1 to nsp16, and the accessory proteins 3b, 6, 8, 9b and 14 (Snijder et al. [@CR11]). Nsp3 is the largest of the nonstructural proteins. It is predicted to have multiple functional domains (Snijder et al. [@CR11]), and large parts of this 1922-residue protein have already been structurally characterized. This includes the functional domains nsp3a, which is a single-stranded RNA-binding protein exhibiting a ubiquitin-like fold (Serrano et al. [@CR10]), nsp3b, which has been described as an ADP ribose-1"-phosphatase (Saikatendu et al. [@CR7]), and nsp3d, which contains two structural domains involved in the proteolytic processing of the polyproteins pp1a and pp1ab, and a third structural domain with a ubiquitin-like fold (Ratia et al. [@CR6]). Further structure determinations of structural domains within the "SARS-unique" functional domain nsp3c are in advanced stages. Despite this progress with the structural and functional characterization, the overall physiological role of the nsp3 protein remains poorly understood and further work is required. Here, we report the sequence-specific NMR assignment of the core structural domain of residues 1066--1181 within the functional domain nsp3e, to establish a basis for a next step of structural and functional characterization of nsp3.

Methods and experiments {#Sec2}
=======================

Protein preparation {#Sec3}
-------------------

A starting construct, nsp3(1066--1226), obtained from the cloning and expression pipeline of the FSPS consortium (<http://visp.scripps.edu/SARS/default.aspx>), was found by 1D ^1^H NMR spectroscopy to contain a globular domain as well as non-globular polypeptide segments. To focus on the globular domain, we cloned the truncated construct nsp3(1066--1181) into the vector pET-25b and expressed the protein in the *E. coli* strain BL21(DE3)-RIL CodonPlus (Stratagene). Cells were grown at 37°C, induced with 1 mM isopropyl β-[d]{.smallcaps}-thiogalactoside (IPTG) at an OD600 of 0.8, and then grown for another 18 h at 18°C. For the protein purification, the cells were disrupted by sonication in 50 mM phosphate buffer, pH 6.5, with 50 mM NaCl, 1% Triton X-100 and Complete protease inhibitor tablets (Roche). The solution was then centrifuged for 30 min at 18,000*g* and 4°C, and the supernatant was loaded with a flow rate of 1 ml/min onto a 5 ml Hitrap Q SP column (Amersham) equilibrated with 50 mM phosphate buffer at pH 6.5, containing 50 mM NaCl. The bound proteins were eluted with a linear NaCl gradient from 50 to 1,000 mM, fractionated and monitored at wavelengths of 280 and 254 nm. Fractions containing nsp3(1066--1181) were pooled and concentrated to 10 ml using Amicon ultracentrifugal filter devices with 5 kDa cutoff (Millipore). Subsequently, the protein solution was passed through a Superdex 75 size-exclusion column (Amersham). The fractions containing the protein, as determined by SDS-PAGE, were again pooled and concentrated to a volume of 550 μl using 5 kDa cutoff Amicon ultracentrifugal filter devices (Millipore).

Isotope labeling was accomplished by growing cultures in minimal medium containing either 1 g/l of ^15^NH~4~Cl as the sole nitrogen source, yielding the uniformly ^15^N-labeled protein, or 1 g/l of ^15^NH~4~Cl and 4 g/l of \[^13^C~6~\]-[d]{.smallcaps}-glucose (Cambridge Isotope Laboratories), yielding the uniformly \[^13^C, ^15^N\]-labeled protein. Growth in M9 minimal medium yielded about 10 mg of pure protein from 1 l of culture. This then provided 550 μl of a 1.4 mM NMR sample in 50 mM phosphate buffer at pH 6.5 containing 50 mM NaCl, which was supplemented with 10% D~2~O and 5.5 μl of a 200 mM NaN~3~ solution.

NMR spectroscopy {#Sec4}
----------------

NMR experiments were recorded at 298 K on Bruker Avance 600, DRX 700 and Avance 800 spectrometers equipped with TXI HCN z- or xyz-gradient probes. The sequence-specific H^N^, ^15^N, C^α^ and C′ backbone assignments were carried out with the following experiments (Sattler et al. [@CR9]): 2D \[^15^N, ^1^H\]-HSQC, 3D HNCA, 3D HNCO, 3D HNCACB and 3D CBCA(CO)NH. The side chain assignments for the non-aromatic residues were based on 3D H(CCCO)NH-TOCSY, 3D HC(C)H-TOCSY, 3D ^15^N-resolved \[^1^H, ^1^H\]-NOESY (τ~m~ = 60 ms), and 3D ^13^C-resolved \[^1^H, ^1^H\]-NOESY (τ~m~ = 60 ms) experiments. The assignment of the aromatic side chain resonances was based on 3D ^13^C-resolved \[^1^H, ^1^H\]-NOESY (τ~m~ = 60 ms) and 2D \[^13^C, ^1^H\]-HSQC experiments. Internal 2,2-dimethyl-2-silapentane-5-sulfonate (DSS) was used as a chemical shift reference for ^1^H, and the ^15^N and ^13^C shifts were referenced indirectly using the absolute frequency ratios (Wishart et al. [@CR11]).

NMR assignments and data deposition {#Sec5}
===================================

The protein nsp3e(1066--1181) has the following amino acid sequence:

The numbers above the sequence represent the numbering in the full-length nsp3 protein, and below the sequence the numbering for the construct used in this study is given, which is also used in the Figs. [1](#Fig1){ref-type="fig"} and [2](#Fig2){ref-type="fig"}. High-quality NMR data were obtained, as illustrated by the \[^15^N, ^1^H\]-HSQC spectrum shown in Fig. [1](#Fig1){ref-type="fig"}. Assignments are complete, except for the backbone ^15^N and H^N^ of the residues Asn 21, Ser 72, and Lys 94, for which no peaks could be observed in the HSQC spectrum, the backbone ^13^C′ of the residues Gln 4, Val 9, Gln 12, Leu 14, Lys 43, Phe 54, Lys 82, Lys 98 and Lys 111, which all precede a Pro residue, the backbone C′ of Asp 20, Ala 70 and Thr 93, which precede the three residues for which the backbone amide resonances could not be observed, and ζCH of Phe 19, Phe 54, Phe 73 and Phe 97, which could not be assigned due to overlap with other peaks. The chemical shifts of the side chain amide groups of eight of the eleven Asn and Gln residues were also assigned, as is indicated in Fig. [1](#Fig1){ref-type="fig"}. The chemical shifts have been deposited in the BioMagResBank (<http://www.bmrb.wisc.edu>) under the accession number 15723. Fig. 12D \[^15^N, ^1^H\]-HSQC spectrum of uniformly \[^13^C, ^15^N\]-labeled nsp3(1066--1181) (protein concentration 1.4 mM, 50 mM phosphate buffer at pH 6.5, 50 mM NaCl, 2 mM NaN~3~). The spectrum was recorded at a ^1^H frequency of 600 MHz, *T* = 25°C, with 256 increments in the ^15^N dimension and 4 scans/increment. Resonance assignments are indicated by the sequence numbers in the presently studied construct, which correspond to the residues 1066--1181 of nsp3 (see text). Side chain amide resonances were assigned for eight residues of asparagine and glutamine; these are connected by horizontal lines Fig. 2Deviations from random coil ^13^C^α^ and ^13^C^β^ chemical shifts in the protein nsp3(1066--1181) plotted versus the amino acid sequence. The ΔδC^α^ and ΔδC^β^ values were determined with the program package ATNOS/CANDID (Herrmann et al. [@CR1], b) by subtracting the random coil ^13^C^α^ and ^13^C^β^ shifts from the experimentally determined chemical shifts. The Δδ~i~ value for residue i represents a three-point average value over the three consecutive residues i − 1, i and i + 1, calculated as follows: $\documentclass[12pt]{minimal}
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Identification of regular secondary structures from the ^13^C chemical shifts {#Sec6}
=============================================================================

Regular secondary structures were identified using the well-established empirical relationships with ^13^C chemical shifts (Saito [@CR8]; Pastore and Saudek [@CR5]; Spera and Bax [@CR12]; Wishart and Sykes [@CR14]; Luginbühl et al. [@CR3]). The Fig. [2](#Fig2){ref-type="fig"} shows a plot of the deviations of the experimentally observed ^13^C chemical shifts from the random coil values, Δδi, versus the amino acid sequence, where Δδi is defined as $\documentclass[12pt]{minimal}
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                \begin{document}$$ 1/3\,(\Updelta \delta C^{\alpha }_{{i - 1}} \, + \,\Updelta \delta C^{\alpha }_{i} \, + \,\Updelta \delta C^{\alpha }_{{i + 1}} \, - \,\Updelta \delta C^{\beta }_{{i - 1}} \, - \,\Updelta \delta C^{\beta }_{i} \, - \,\Updelta \delta C^{\beta }_{{i + 1}}) $$\end{document}$ (Metzler et al. [@CR4]). A positive value for Δδi indicates that the residue i is located in a regular helical structure, while a negative value indicates that it is located in a regular β-strand. The tentative positions of regular secondary structures, which are identified at the bottom of the figure, were obtained with the criterion that \|Δδi\| ≥ 1 for three or more sequentially adjacent residues. No information is as yet available on the assembly of the β-strands into β-sheets.
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